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HEALTH MONITORING SYSTEM IMPLEMENTING MEDICAL 

DIAGNOSIS 

1. The problem 

The portion of remote monitoring in the overall socio-medical care of 
patients, and especially the maintaining of patients in the home (MPH), is likely to 
develop and with it the remote monitoring which makes it possible to appreciate a 
risk situation in the absence of care personnel. The context of remote monitoring 
5 of patients, especially with MPH, implies furthermore the use of tools that are not 
traumatising for the person and that are capable of detecting a possible 
degradation in his state of health. 

Remote monitoring for a patient takes place with recording devices 
(medical assistance equipment, sensors, camera, etc.) placed in the environment of 

10 the patient and which, in the event of an anomaly, sends a signal via a 
communications network to designated persons in order to come to the aid of the 
patient. These systems detect crisis situations (example: falls, heart rhythm 
trouble) in patients for which the risks are identified and which are subject to 
generally intensive monitoring. On the other hand, they do not apply well to the 

15 MPH population which is made up of "fragile" people requiring daily health 
monitoring that is the least traumatising possible and often non intensive. Most 
aged people who are monitored via MPH, for which the number is expected to 
increase considerably in the years to come in all of the western countries, do not 
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show dominant pathologies, which makes it difficult to anticipate crisis phases 
using only the measurement of a physiologic signal. 
2. Prior art 

2.1 Remote alarm 

5 The remote alarm is widely used in MPH, either as a complement to 

medical equipment, or alone. This terms groups together different devices, fixed 
or on, activated by the person to trigger the calling of emergency numbers via the 
STN or CiSM network. These devices, although extremely easy io use, have the 
major disadvantage of not enabling to appreciate the actual seriousness of the 
1 0 situation. Their untimely use, either on purpose or due to an error in manipulation, 
thus mobilises rescue teams for interventions that are not always justified. 

2.2 Smart sensors 

Multisensor devices, referred to as "smart", connected to the patient or 
placed in his living environment, respectively allow more complete physiological 

15 monitoring (electrocardiogram, oxygen saturation, sodium on the skin, etc.) and 
the appreciation of environmental factors that act on the patient. Among the 
existing systems, one can note "smart clothing" that incorporates chips (Medes, 
Nokia, etc.) or home automation experiments carried out by the CNRS of 
Grenoble. The use of such systems implies a constant on-duty delocalised medical 

2 0 team which interprets the data. Setting up this costly logistics today restricts its 
application as MPH to acute pathology monitoring. 

2.3 Expert systems 

In order to overcome constant health monitoring, expert systems per 
pathology are being developed. They remotely analyse data coming from the 

2 5 patient (signals, measurements, text) and can return medical advice or alert health 

professionals. The deterministic approach to these systems restricts their 
application to patients that have a pathology that is controlled well. The 
complexity of multiple pathologies cannot today be treated by these methods, 
which severely limits the use of these expert systems with older people who 

3 0 represent the main population treated as MPH. 
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Furthermore, the different methods of the prior art presented above have 
other disadvantages, which are: 

i) The information read by the sensors is sent via a communications 
network in such a way that, if a communications problem prevents the 

5 communication between the sensor and the delocalised medical team, the data 
measured by the sensors cannot be used to warn the patient and/or distinct 
emergency services (ambulance, doctor) in case of need. 

ii) Each sensor sends "raw" data that the on-duty medical team analyses 
and interprets at a determined frequency, i.e. discontinuously. So, if a health 

10 incident occurs between two analyses, there is a risk that this incident be detected 
only during the second analysis, which results in a loss of time in the reaction 
implemented by the delocalised on-duty medical team. 

Furthermore, if an alarm is associated with the information sent by a 
sensor, the on-duty medical team is alerted to the health incident as soon as the 

15 information provided by the sensor reaches the alarm threshold. In this case, it is 
necessary to analyse the information previous to the alarm in order to possibly 
detect pertinent information concerning the diagnosis to be carried out. 

So, when an alarm occurs, the on-duty medical team finds itself faced with 
an emergency situation without being able to systematically place the alarm in the 

2 0 general context of the patient (medical and surgical antecedents, allergies, etc.). 

iii) When several sensors are used to provide different information, each 
piece of information is relative to a specific medical parameter - blood pressure, 
electrocardiogram (EKG), temperature, etc. 

So, the on-duty medical team must analyse each parameter, both 
25 individually and in combination with the other parameters, these combinations 
again increasing the quantity of information that has to be processed by the 
on-duty delocalised medical team, or even by distinct on-duty teams which, where 
necessary, may have to consult each other in order to decide and/or trigger a 
health action. 
30 3. Solution 
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This invention aims to remedy at least one of the disadvantages mentioned 
above. It relates to a health monitoring method implementing medical diagnosis 
established by a person who is medically qualified concerning a patient who is 
remotely monitored, in particular at his home, and monitored via a 
5 communications network, characterised in that: 

- The medically-qualified person associates medical data with health 
actions in a server via monitoring rules, 

- The server programs a distant terminal, located near the patient in such a 
way that the distant terminal implements an automatism applying the monitoring 

1 0 rules to the medical data provided to the terminal by at least one sensor associated 
with the patient and/or by a man-machine interface of the distant terminal and/or 
by a man-machine interface of a networked station and/or by the network. 

The invention seems to allow a medically-qualified person to truly be 
aided by automatic means in order to carry out monitoring of a patient remotely 

15 monitored according to the diagnosis determined by the medically-qualified 
person. 

In an embodiment the medical data provided to the terminal by a sensor 
that belongs to the patient and/or by a man-machine interface of the distant 
terminal and/or by a man-machine interface of a networked station and/or by the 

2 0 network is sent to the medically-qualified person via a communications network 

so that the latter can take the sent data into account when possibly modifying the 
monitoring rules associating the data and health actions at the level of the server. 

According to one embodiment, at least one sensor and/or man-machine 
interface is integrated into the distant terminal. 
25 In one embodiment, the monitoring rules are added, modified or 

eliminated on the server via the communications network automatically or 
manually. 

According to an embodiment, means are associated to the distant terminal 
to test its communication with the medically-qualified person and/or with a third 

3 0 party so as to ensure the transmission of alerts to this person and/or to this third 

party when the monitoring rules are implemented. 
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In one embodiment, the sensor and/or man-machine interface of the distant 
terminal and/or the man-machine interface of the networked station and/or the 
network sends data discontinuously to the terminal. 

According to one embodiment, different sensors are used to measure 
5 several pieces of medical data of distinct categories. 

In one embodiment, the sensors under consideration aim at measuring data 
of at least one of the following categories: blood pressure, heart rhythm, body 
temperature, skin temperature, sodium content on ihe skin, kinetic mid/ox 
kinematic parameters of the body, blood dosage, analysis of urine and/or stool 
10 and/or blood gas, weight, electrocardiogram data, heart sounds, oxygen saturation, 
thermal image. 

In one embodiment, a sensor includes a man-machine interface in order to 
provide medical data to the terminal via the interface such as: intensity of pain, 
state of fatigue, alterations in the state of consciousness, difficulties in speaking. 

15 According to one embodiment, means are associated to the man-machine 

interface of the distant terminal in order to intervene on the server. 

In one embodiment, the data sent by the network is relative to data such as 
results of biological examinations and/or functioning of a piece of equipment 
connected to the network, in particular home automation equipment for detecting 

20 presence, control of access, heating, lighting, openings, fire, flooding, mains 
cut-off and/or a medical device, relative to an alarm signal or any signal resulting 
from the transformation of measurements and coming from such a connected 
device, in particular a pump and/or administration set and/or respirator and/or fall 
detector or relative to information coming from third-party software, in particular 

25 from an expert system, likely to be executed on the terminal or on a machine 
connected to the terminal, such as software for monitoring self-care haemodialysis 
and/or for monitoring glycaemia of diabetics and/or monitoring blood pressure. 

According to one embodiment, monitoring rules are made available to a 
medically-qualified person, so that this person may render these monitoring rules 

3 0 operative or inoperative. 
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In one embodiment, a user provides data to the distant terminal via the 
network using a piece of equipment that is distinct from said distant terminal, in 
particular using a terminal that has wireless means of communication of the 
radiofrequency and/or infrared type. 
5 The invention also relates to a health monitoring station characterized in 

that it includes means so that a person receives alerts and/or consults the data 
server via a man-machine interface according to a method that conforms to one of 
the preceding embodiments. 

The invention also relates to a medical station characterized in that it 
10 includes means to that a medically-qualified person programs, via a man-machine 
interface, a distant terminal according to a method that conforms to one of the 
preceding embodiments. 

The invention also relates to a health monitoring server aiming to make it 
possible to implement a medical diagnosis established by a medically-qualified 
1 5 person pertaining to a patient that is remotely monitored, in particular at his home, 
and monitored by a communications network, characterised in that: 

■- The server includes means for the medically-qualified person to associate 
medical data with health actions in a server via monitoring rules, 

- The server includes means for programming a distant terminal, located 
2 0 near the patients in such a way that the distant terminal implements an automatism 
applying the monitoring rules to the medical data provided to the terminal by at 
least one sensor that belongs to the patient and/or by a man-machine interface of 
the distant terminal and/or by a man-machine interface of a networked station 
and/or by the network according to a method that conforms to one of the 

2 5 preceding embodiments. 

The invention also relates to a health monitoring terminal aiming to make 
it possible to implement a medical diagnosis established by a medically-qualified 
person concerning a remotely-monitored patient, in particular at his home, and 
monitored by a communications network, characterised in that: 

3 0 A server including means for the medically-qualified person to associate 

medical data with health actions in a server via monitoring rules, the terminal, 
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located near the patient, includes means to be programmed by the server in such a 
way that this distant terminal implements an automatism applying the monitoring 
rules to the medical data that is provided to it by at least one sensor that belongs to 
the patient and/or by a man-machine interface of the distant terminal and/or by a 
5 man-machine interface of a networked station and/or by the network according to 
a method that conforms to one of the preceding embodiments. 

Finally, the invention also relates to a health monitoring system 
implementing the medical diagnosis. The system makes it possible for users, in 
particular doctors, to remotely monitor patients, in particular patients maintained 
10 in the home. The system includes: 

- a data server connected to a communications network, in particular of the 
Internet type, 

a man-machine interface, in particular installed in computing equipment, 
connected to the data server via a communications network. The man-machine 
1 5 interface is implemented by the users to: 

- select and/or input, in the data server, medical data, in particular of the 
"vomiting" type, 

- input and index health actions, in particular of the "hospitalisation" type, 
corresponding to medical data, 

2 0 - configure, using selected medical data, the monitoring rules, presented in 

particular in the form of SQL queries of the "if symptoms = vomiting and 
temperature > 38.5°C, observation period = 24h health action = check urine" type. 
The monitoring rules are recorded and indexed with the health actions in the data 
server. 

2 5 The man-machine interface is furthermore implemented by the users to: 

- input and send alert protocols to the data server, in particular information 
relative to the contact information of the person to inform in the event that a 
realised health action would be different from the corresponding monitoring rule. 

The system furthermore includes: 



- means of analysis used to analyse the compatibility of the protocols thus 
sent, in particular the compatibility over time between the new monitoring rules 
and the former monitoring rules. 

The system furthermore includes: 
5 - a distant terminal, located with the patients, in particular with the patients 

that are maintained in the home. The distant terminal is connected to sensors, in 
particular to medical measuring devices, providing medical data to the distant 
terminal, and/or the distant terminal receives the medical data from the users 
and/or the patients via a man-machine interface of the distant terminal, used by 
1 0 the users and/or by the patients to input the medical data. 

The system furthermore includes means of programming in order to 
program automatisms in the distant terminal, from the data server via the 
communications network. The automatisms are programmed using medical data 
and health actions indexed in the data server. 
15 The distant terminal includes means for activating automatisms thus 

programmed in order to: 

- apply, periodically, the monitoring rules to the medical data provided to 
the distant terminal by generating health actions to be executed, 

- check the execution, by the users, of health actions, 

20 - generate alerts in the event the health actions are not executed by the 

users. 

The system thus makes it possible to compile a personalised diagnosis 
base for each patient and to generate the triggering of appropriate alerts. 
3.1 Properties 

2 5 Health Surveillance Assisted by Diagnosis (HSAD) is a method allowing 

the use of medical diagnosis for configuring monitoring functions of an alert 
generator on a patient. It makes use of the notion of "health monitoring rules 11 
which describes the recommended health action (care, medical prescriptions, 
additional tests, hospitalisation, etc.) following medical observations (readings, 

3 0 symptoms, clinical exam results, etc.), in particular performed on clinical cases or 
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with the patient himself, materialised by the recording of measurements, codes or 
strings of words: the "medical data". 

This method includes on one hand, control for a mechanism for triggering 
alerts with a check on the conformity of the health action with the medical data on 
5 a "patient machine" (PM). It includes, on the other hand, the programming of this 
automatism using the analysis of the data of the medical records via a specific 
man-machine interface (MMI) that can be accessed via a network of the Internet 
type. Finally, the method includes the processing and the making at the disposal 
on the network of data by a server so as to provide consistent management for the 

1 0 medical rules (review, congruence, etc.) by all of the users. 

The general mechanism of the HSAD is based on the coupling between the 
data and the health actions, making it possible to direct the control on the 
implementation of actions and not directly on the value of the data. It is therefore 
regarding a generalisation of sensor control: if the absence of nursing personnel 

15 prevents the health actions suggested by the sensor data, the alert protocol is 
triggered. Inversely, the HSAD makes it possible to take into account a wider 
range of observations as well as the response provided by the caregivers, and 
therefore to flexibly regulate the process of triggering alerts. Furthermore, with a 
health action being conditioned to the probability of simultaneous presence of 

2 0 several pieces of data, the HSAD makes it possible to overcome the continuous 

systematic measurement of a variable and in particular to take into account the 
information contained in a syntactical expression. Another characteristic of the 
HSAD is the evaluation of the effectiveness of the monitoring rules in processing 
the data and in alerting, if needed, the members of the network of the need to 
25 create new rules. This self-control loop allows the diagnosis base of the patient to 
be enriched. Finally, the HSAD makes it possible in the network to update 
medical rules and remote monitoring for the patient. The MMI includes in 
particular assistants that facilitate updating rules. 

Use of the HSAD requires, on the patient's end, to have a specific active 

3 0 and communicating machine (PM), equipped with memory for storing data and 
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the automatism and, on the care givers' end and/or concerning other users, to 
access the MMI on a networked computer station or on a PM. 
3.2 Transformation of the diagnosis into rules 

The user uses a MMI installed on a networked computing station or on a 
5 PM and enters into communication with the data server by logging in. The server 
verifies that the authentication codes correspond to a declared user. 

Once connected to the server, the user must select the data on which he is 
basing his diagnosis and logs the health actions that are to be performed. For each 
health action, the user specifies the possible care alternatives. The MMI records 
10 the health actions on the server and indexes them with the data in the database, 
which is for example of the relational type. 

Illustration of indexing: 

Antecedents (data): vomiting symptoms, abdominal pain, alteration in the 
state of consciousness, high temperature readings for 24 hours, exam indicating 
15 acetonuria. 

Diagnosis: hyperglycaemia. 
Health action: hospitalisation. 

In a second time, the user uses the MMI to translate the data selection into 
monitoring rules in the form of a test on the data (in the form of a SQL query, for 
20 example) that he can simulate and modify. If needed, he can use examples of 
server rules, and modify or render inoperative rules that are active. The user also 
specifies a period of observation which conditions the collection of data on which 
the rule is to be applied. The rules are then saved on the server and indexed into 
the health actions. So, a monitoring rule is made up of tests on a collection of data 

2 5 and health actions. 

Illustration of a health rule: if "Symptoms = vomiting" and "Temperature > 
38.5°C", "observation period=24h", "health action= check urine" 

The last step consists of using the MMI to send information concerning the 
alert protocol to the server, i.e. the contact information of the persons to inform as 

3 0 well as the means of transmission used (telephone, SMS, email, etc.) in the event 

where the realised health action would be different from what the rule 
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recommends. Different alert protocols can be scheduled according to the 
differences in realisation that are observed. 

Each step can be performed at a later moment, independent of the others. 

An alternative to the above process is the automatic production of 
5 monitoring rules by the server by using known data analysis methods (statistics, 
neuronal, etc.) or expert systems in decision-making assistance. 

3.3 Programming the automatism 

After recording the monitoring rules and the alert protocols, the server 
performs an ambiguity check in order to verify compatibility between the new and 
10 former protocols and rules. If there is ambiguity, the server sends an alert to the 
user. 

The server then generates a code in the language of the PM using a library 
where the languages of the various machines that can be connected to the network 
are referenced. 

15 Updating of the PM control automatism takes place via the network either 

by consulting the server (PULL) or by the server sending the code (PUSH). 

3.4 Generation of alerts by the "patient machine" (PM) 

The automatism will process the medical data and the health actions stored 
in the memory of the PM. The memory stores the flow of data coming from the 
2 0 PM's communication ports, from the computer communications network as well 
as from the man-machine interface that belongs to the patient machine PM 
(MMIPM) used for manual local input of medical observations and health actions. 
Data retention time in the memory is conditioned by the monitoring rules. 

In a first time, the automatism periodically applies the monitoring rules to 
25 the medical data in the memory. If the test is positive, it checks that the planned 
health actions for each rule are scheduled in the memory of the PM. If they are 
not, the automatism logs in memory one or several health actions to be validated 
by applying the rule. 

Illustration: 

30 Observations from the nurse in the morning: nausea, abdominal pain, 

coloured urine; 
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Health action carried out: stool care, anti-vomiting. 

Observations from the nurse in the evening: T =39°C, difficulty speaking; 

Health action carried out: paracetamol, message to doctor. 

PM logs a Health Action to be validated: transfer to hospital for 
5 hyperglycaemia within 2h. 

In a second time, the automatism checks that the times for the scheduled 
health actions have not passed and that the information concerning their care are 
in conformity with the schedule. If not, the machine executes the aieri protocol by 
sending messages via one of the means of communication available to the PM. It 
10 is therefore not necessary that the PM be constantly connected to a computer 
network as long as another means of communication is available. 

Illustration: 

The health action "to be validated" has not been carried out after 2 hours: 
The PM sends a pre-recorded message to the Emergency Medical 
1 5 Assistance by telephone. 

Once processed by the automatism, the local data (sensor readings, 

medical observations, etc.) and the alerts can be sent to the data server by the 

computing network in order to be archived. 

3.5 Conclusions 

2 0 The diagnosis base established for a patient serves therefore as a decision 

system in order to best trigger alerts in the absence of caregivers. This base avoids 
the complexity of an expert system by capitalising on the expertise acquired via 
the socio-medical network on a given patient. The ambiguity analysis, bringing to 
light possible inconsistencies between the data and the health actions, makes it 

2 5 possible for caregivers to be aware, where applicable, of malfunctions in caring 

for the patient in the network and to take corrective action. The HSAD method 
potentially applies to usage on a wide range of machines destined for patient 
monitoring, for example: a home station, a PDA (Personal Digital Assistant) on 
the patient or even a programmable beacon. 

3 0 Figure 1 shows a schematic view of the system according to the invention. 

The marked numeric references correspond to the following elements: 
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1 Data server 

2 Medical data 

3 Health actions 

4 Indexing 

5 Programming the automatism 

6 Memory 

7 Network data 

8 Sensors (medical devices) 

9 Distant terminal (patient machine) 

10 Alerts 

1 1 Users 

12 Man-machine interface 

13 Man-machine interface of the distant terminal (patient machine) 

Note that the user in the sense of the invention can be a patient remotely 
monitored and/or a medically-qualified person and/or a person authorised to 
access the system. According to the authorisation level of this user, the latter 
enters data and/or associates data with health actions using the distant terminal 
and/or network and/or networked station. 

Also note that a patient, in the sense of the invention, is a person who has 
recourse to a socio-medical service, in particular recourse to one or more 
professionals that are independent and/or report to a health care institution, 
independent to any consideration relative to the existence of a health problem 
and/or to the seriousness of this possible problem. 



